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.l iASER SYSTEM FOR FUNCTIONAL TRIMMING 



This is a continuation of .U.S. Patent 

1,073, filed October 2, 1995, 



Application No. 08/538,073, filed October 2, 1995, which 
is continuation-in-part of U.S. Patent Application No. 
08/343,779, filed November 22, 1994, now U.S. Patent No. 
5,569,398, which is a continuation-in-part of 
International Patent Application No. PCT/US93/08484 , filed 
September 10, 1993. _ t 

Technical Field 

The present invention relates to methods and 
25 laser systems for functionally processing one or more 
materials of a single or multiple layer structure of a 
multimaterial, multilayer device and, in particular, to 
processing methods and laser systems that employ a laser 
output within a wavelength range that facilitates 
30 functional modification of a resistive or capacitive film 
structure of an integrated circuit having substrates or 
components including material such as silicon, germanium, 
or other semiconductor materials. 

Background of the Invention 
35 Conventional laser systems are typically 

employed for processing targets such as electrically 
resistive or conductive films of passive component 
structures, such as film resistors, inductors, or 
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capacitors, in integrated circuits on silicon wafers or 
ceramic base plates. Laser processing is presented herein 
only by way of example to film trimming and may include 
any form of laser ablative removal of target material. 
5 Fig. 1 is a plan view of a portion of a prior 

art integrated circuit 10 depicting resistors 12a and 12b 
(generally, resistor 12) having a patterned resistor path 
fc/ 14 between metal contacts 16. The resistive- value of a 

resistor 12 is largely a function of the pattern geometry, 
10 the path length between contacts 16, and the thickness of 
material composing resistor 12. 

An !, L-cut n 15 on resistor 12a depicts a typical 
laser-induced modification. In an L-cut 15, a first strip 
of resistive material is removed in a direction 
LH 15 perpendicular to a line between the contacts to make a 
r: coarse adjustment to the resistance value. Then an 

£ adjoining second strip, perpendicular to the first strip, 

u may be removed to make a finer adjustment to the 

resistance value. A "serpentine cut" 17 on resistor 12b 
jjf 20 depicts another common type or laser adjustment. In a 
Q3 serpentine cut 17, resistor material is removed along 

*J3 lines 18 to increase the length of path 14. Lines 18 are 

Cr^ added until a^ desired resistwe^value is reached. 

A. 

Fig. 2 is a cross-sectional side elevation view 
25 depicting a conventional output energy distribution of a 
laser output or pulse 20 directed at a resistive film 
structure 22 such as resistor 12. With reference to Figs. 
1 and 2, resistive film structures 22 typically comprise a 
thin film layer 24 of a resistive material such as 
30 nichrome, tantalum nitride, cesium silicide, or silicon 
chromide that is layered upon a substrate 2 6 such as 
silicon, germanium, or other semiconductor or ceramic 
materials. Alternatively, thin film layer 24 may be 
applied to an epitaxial, junction, or passivation layer 
35 28. Thin film layer 24 may be covered by a protective 

layer 30, such as a dielectric, which may be necessitated 
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by an IC processing requirement or may be desired for 
containing laser trimming by-products or slag from 
splattering other integrated circuit elements. Integrated 
circuit 10 and resistive film structure 22 may also be 
5 composed of several materials including those required for 
passivation, coating, binding, or other manufacturing 
purposes . 

Skilled persons will appreciate that if the film 
is a conductive film and part of an electrode of a 

10 capacitor component, the effective area of the film can be 
adjusted by punching holes in or trimming the film to 
reduce the capacitance of the film until it reaches a 
predetermined capacitance value . 

In "passive processing, " the process of 

15 modifying resistive or conductive films to provide circuit 
elements having predetermined capacitive or resistance 
values is based upon directly measuring the value of the 
elements without powering-up or operating the whole 
circuit. This process involves measuring the circuit 

20 element during or following each trimming operation and 
ceasing when the predetermined value is obtained. 

However, measurement access to individual 
components is becoming limited as the complexity of 
electronic circuitry and devices increases and their sizes 

25 decrease. The term "device' 1 is used herein to refer to an 
electronic component, a circuit, a collection of circuits, 
or entire contents of an electronic chip or die. Even 
when certain individual passive components can be 
accessed, measured, and adjusted to their predetermined 

30 values, the whole device or circuit may not perform within 
specified operational parameters. Under such 
circumstances, functional laser processing may be a more 
desirable option. 
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In "functional processing", the whole circuit or 
device is activated to its normal operating condition, and 
then its performance is evaluated by using relevant input 
signal generating equipment and' output measurement 
5 equipment such as a voltmeter. Then, the structures of 

one or several components, such as resistors, capacitors, 
or inductors, of the device are adjusted by the laser to 
"tune" the performance of the device. Evaluation of the 
device function and adjustment of the device components 
10 are repeated incrementally until the device performs to 
specification. For example, functionally processing a 
voltage regulator entails applying normal power supply 
voltage (s) to the voltage regulator, measuring its output 
voltage with a voltmeter between one or a series of laser 
15 pulses, and sending the output voltage value to a system 
computer. The computer compares the output value of the 
device to a pre-set value, determines whether additional 
adjustments are necessary, and controls laser operation 
until the device achieves operation within predetermined 
20 operational tolerances. 

Functional processing is widely employed for 
trimming A/D and D/A converters, voltage regulators, 
operational amplifiers, filter circuits, photodetection 
circuits, and other circuits or devices. These devices 
25 are typically built on semiconductor material, such as 
frS silicon. or germ^ium, or as hybrid integrated circuits in 
qJ which the laser target is on either— a- semiconductor or 
ceramic wafers, and are densely packed with other 
semiconductor-based active (gain-oriented) devices or 
30 multimodule circuits. Functional processing is described 
in detail by R.H. Wagner, "Functional Laser Trimming: An 
Overview," Proceedings of SPIE , Vol. 611, Jan. 1986, at 
12-13, and M.J. Mueller and W. Mickanin, "Functional Laser 
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Trimming of Thin Film Resistors on Silicon ICs," 
Proceedings of SPIE . Vol. 611, Jan. 1986, at 70-83. 
Examples of passive and functional processing laser 
systems include Model Nos . 4200, 4400, and 6100, 
5 manufactured by Electro Scientific Industries, Inc., which 
is the assignee of the present application. These systems 
typically utilize output wavelengths of 1.064 /zm, 1.047 
/zm, and 0.532 jzm. 

Because functional processing considers whole 
10 device performance instead of the value of a particular 
p component, functional processing with conventional laser 

^ outputs such as 1.064 fim, 1.047 /zm, or their harmonics 

yi presents a problem that is generally not relevant during 

rj passive processing. These conventional laser wavelengths 

V is tend to cause optoelectric responses in the semiconductor 
S material that affect the device and often result in 

performance drift or complete malfunction of the device. 
O Extraneous scattered laser light may impinge on adjacent 

k? active devices (such as P-N junctions or field effect 

20 transistors (FETs) or any semiconductor material-based 
^ structures) and affect their performance due to excitation 

of carriers in the structure, resulting in performance 
drift or malfunction of the device during functional 
trimming. The scattered light induced performance 
25 drifting or malfunctions occur even for devices having 
targets on ceramic substrates whenever the adjacent 
circuits are semiconductor material -based. The mechanism 
and extent of performance drift or malfunction depends 
greatly on the specific design of the device. Additional 
30 carrier excitement within the semiconductor substrate or 
semiconductor material -based device may, therefore, be a 
major contributor to these performance drifts or 
malfunctions. While these optoelectric responses may 
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occur during passive trimming, these responses do not 
generally affect the value of the target component. 

Thus, functional laser processing with these 
wavelengths is usually extremely slow because extra time 
5 is required to let the device recover from drifting or 
malfunction before a measurement of the device will 
indicate "true" performance of the device. This is also 
true for integrated circuit (IC) or hybrid integrated 
circuit (HIC) devices having photo- receptive or light- 
10 sensing portions or photo-electronic components such as 
p photodiode or charge-coupled device (CCD) arrays. 

^ Fig. 3 is an oscilloscope trace 34 showing 

fjj performance drifting of an output voltage 36 of a typical 

activated voltage regulator device undergoing conventional 
M is laser functional processing with laser output pulses of 
B 1.047 fim at 2.01 kHz. With reference to Fig. 3, voltage 

j\ output 3 6 of the device dramatically dips momentarily by 

□ about 0.5 volt after a laser pulse impinges one of its 

tr target structures. Then, a 0 . 5-millisecond interval is 

jg 20 required for the device to recover from the output voltage 
^ dip before a meaningful measurement can be accomplished. 

This recovery period is often referred to as "settling 
time." Skilled persons will appreciate that the settling 
time interval will vary as a function of most device 
25 variables, such as circuit type, layout, structure, and 
composition and type of output measured. 

Special system software must be developed to 
enable the entire system to wait for a sufficient time 
interval after each laser pulse or series of pulses for 
30 the performance shifting to dissipate, and then initiate 

the performance measurement of the device . Based upon the 
measurement results, the computer control system then 
determines whether an additional laser pulse or pulses 
should be fired on the target component. In certain 
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cases, the entire device may be "latched up' 1 in response 
to a laser pulse. Under these circumstances, the software 
must disconnect the input power from the device so that it 
is totally off, wait for a certain time interval, and turn 
5 the power on again to return the device to normal 
operation . 

Summary of the Invention 
An object of the present invention is, 
therefore, to provide a laser system and method that 
10 facilitate functional processing of active or passive 
p devices. 

^ Another object of the invention is to provide a 

ffj method for modifying with laser output a measurable 

operational parameter of an activated electronic device 
15 while preventing a spurious optoelectric response in the 
Q device, the device including a target material and a 

nontarget material positioned within optical proximity to 
B the target material, the laser output including a laser 

ir pulse having a spatial distribution of energy that 

grj 20 impinges the target material and exposes the nontarget 
% - material to extraneous laser output, the target material 

having ablation sensitivity to laser output in a first 
wavelength range and the nontarget material having 
optoelectric sensitivity to wavelengths in a second 
25 wavelength range that forms a subset of the first 

wavelength range such that exposure to a wavelength within 
the second wavelength range causes spurious optoelectric 
effects in the nontarget material that transiently obscure 
for a time interval concurrent with and following the 
30 laser pulse a true value of the measurable operational 
parameter of the device, wherein 

a third wavelength range of laser output is 
determined for which the nontarget material has 
substantial optoelectric insensitivity , the third 
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wavelength range excluding the second wavelength range; 
the device is activated; a laser pulse is generated at a 
selected wavelength that falls within an overlap of the 
first and third wavelength ranges; the target material is 
5 impinged with the laser pulse having sufficient power to 
ablate a portion of the target material; and a true value 
of the operational parameter of the device is measured 
within the time interval. 

The invention, therefore, provides a laser 
10 system and method that reduce or negate settling time 
during functional processing and thereby significantly 
increase product throughput. 

For example, laser-processing an active device 
with laser output having a wavelength greater than 1.2 /xm 
15 to functionally trim a target material with a silicon 
substrate or a position near a silicon-based structure 
forming part of the active device substantially eliminates 
the undesirable laser- induced performance shift or 
malfunction of the devices because silicon material and 
20 silicon-based structures and photo -receptive, light- 
sensing, and photo-electronic components are virtually 
"blind" to wavelengths greater than 1.2 /xm. 

Skilled persons will appreciate that the 
optoelectric sensitivity exhibited by such devices to 
25 laser output may stem from either a reaction to exposure 
of a particular material, itself, or a reaction to 
exposure of a structure due to its design as well as 
material composition. Such a structure may contain both 
target and nontarget materials, and the nontarget material 
30 may even overlay the target material. Accordingly, the 

term "target structure" is used herein to include at least 
one target material and the term "nontarget structure" is 
used herein to include at least one nontarget material. 
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The present invention also facilitates laser 
functional trimming of target materials or structures 
positioned on semiconductor materials, or resistors and/or 
capacitors on ceramic substrates that may have nearby 
5 semiconductor material -based active circuitry or photo- 
receptive, light-sensing, or photo-electronic components 
forming part of a device. The invention will permit 
circuit design restrictions to be eased, especially the 
heretofor required minimum spacing between components, and 
10 will allow for greater circuit compaction. 

Existing film processing laser systems can be 
relatively inexpensive to modify to process silicon-based 
devices at an output in the 1.2 to 3.0 /im wavelength 
range. Similar modifications to generate laser outputs at 
is wavelengths greater than 1.8 /im for processing indium 

gallium arsenide-based devices can be easily implemented. 
Laser devices that produce laser output within this 
wavelength range can be adapted for film processing, 
although they are conventionally employed in fiber optic 
20 communications, medical applications, military range 
finding, and atmospheric pollution monitoring. 

Additional objects and advantages of the 
invention will be apparent from the following detailed 
description of preferred embodiments thereof, which 
25 proceeds with reference to the accompanying drawings. 

Brief Description of the Drawings 
Fig. 1 is a plan view of a portion of an 
integrated circuit depicting resistors having a resistive 
film path between metal contacts. 
30 Fig. 2 is a fragmentary cross-sectional side 

view of a conventional semiconductor film structure 
receiving a laser pulse characterized by a particular 
energy distribution. 
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Fig. 3 is an oscilloscope trace showing 
momentary dips in the output voltage of a voltage 
regulator device undergoing prior art functional laser 
processing . 

5 Fig. 4 shows typical responsivity curves of 

silicon and indium gallium arsenide-based detectors versus 
wavelength. 

Fig. 5 shows typical responsivity curves of a 
variety of semiconductor material-based detectors versus 
10 wavelength, 
p Fig. 6 shows typical responsivity curves of 

03 germanium-based detectors versus wavelength, 

[n Fig. 7 shows graphical representations of the 

J3 optical absorption properties of four different metala^^ 

^ is versus wavelength. 

O Fig. 8 is a plan view of a pictorial diagram of 

f a a preferred embodiment of a laser system for employing the 

P present invention. 

[if Fig. 9 is an oscilloscope trace showing the 

20 constant output voltage of a voltage regulator device 
HI undergoing functional laser processing of the present 

invention . 

Detailed Description of Preferred Embodiments 
Figs. 4-6 graphically show the typical response 
25 curves of silicon-based, indium gallium arsenide-based, 
germanium-based, and other semiconductor material -based 
detectors versus wavelength. Fig. 4 is taken from page 3- 
39 of Oriel Corporation's catalog. Fig. 4 reveals that 
the silicon-based detector is optoelectrically sensitive 
30 to a wavelength range of about 0.3 /xm to about 1.2 /xm. 

Since the physics involved in the spectral response of the 
detector is the same as the response to light at different 
wavelengths of other silicon-based activated devices, 
Fig. 4 implies that silicon-based activated devices become 

i 
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"blind," i.e., optoelectrically insensitive, at 
wavelengths greater than about 1.2 /xm. For the indium 
gallium arsenide-based device demonstrated in Fig, 4, the 
cutoff wavelength for optoelectric sensitivity is about 
5 1.8 /xm. Skilled persons will appreciate that the response 
curve of indium gallium arsenide is largely dependent on 
its composite percentage. 

Figs. 5 and 6 are taken from pages 1 and 2 of EG 
Sc G Optoelectronics' "Infrared Detectors" catalog, 1994. 
10 Figs. 5 and 6 reveal that for germanium-based detectors, ^ 
£3 the cutoff wavelength for optoelectric sensitivity is 

H[ about 1 . 7 /xm . 

J Fig. 7 graphically shows the optical absorptance 

J-jf properties of different metals such as aluminum, nickel, 

tungsten, and platinum that may be used as film layers 24. 
Fig. 7 is a compilation of the relevant portions of 
absorptance graphs found in "Handbook of Laser Science and 
Technology, " Volume IV Optical Materials: Part 2 : Marvin 
J. Weber (CRC Press, 1986) . Fig. 7 shows that metals, 
20 such as aluminum, nickel, tungsten, and platinum, absorb 
laser wavelengths ranging from below 0.1 to 3.0 /xm, with 
aluminum absorptance being lower than that of the other 
metals. Metal nitrides (e.g., titanium nitride) and other 
high-conductivity, metal-like materials used to form film 
25 layers 24 generally have similar optical absorption 

characteristics. However, the absorption coefficients for 
such materials are not as readily available as are those 
for metals. 

The graphs in Figs. 4-7 reveal a wavelength 
30 range 40 ranging between about 1.2 to about 3 /xm in which 
silicon semiconductor substrates , semiconductor-based 
devices, and other nontarget materials are almost blind 
and in which the optical absorption behavior of a variety 
of film and other target materials, especially metals, is 
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sufficient for them to be processed. Skilled persons will 
also be able to identify preferred wavelength ranges for 
other semiconductor materials-based devices, such as 
about 1.7 to 3 (im for germanium-based devices, depending 
5 on similar considerations. 

While laser beams of shorter wavelengths within 
the 1.2 to 3 /xm wavelength range can be focused to smaller 
diameters to obtain narrower trims in film layers 24 along 
paths 14, wavelengths such as 1.32 fim and 1.34 /xm are 
10 sufficiently long to eliminate light-induced performance 
Q drifting or malfunctions of silicon-based devices, and are 

*** preferred for most functional processing operations. The 

m choice of 1.32 fim or 1.34 fim is also somewhat predicated 

g on laser source availability and other complexities 

jr is familiar to those skilled in the art. 

U In a preferred embodiment, a conventional diode- 

pumped, solid-state laser with a lasant crystal such as 
O Nd:YAG, Nd : YLF , ND : YAP , or Nd : YVO, is configured to produce 

output in the 1.2 to 3.0 fim wavelength range. Each such 



m 



20 laser design employs resonator mirrors with appropriate 
dichroic coatings to be highly transmissive to the most 
conventional wavelength of the lasant crystal but have 
desired reflectivity at a selected wavelength within the 
range 1 . 2 to 3 fim and preferably at 1.32 fim or 1.34 fim. 
25 Such dichroic coatings would suppress laser action at the 
most conventional wavelength of the lasant crystal, such 
as 1.06 fim for Nd : YAG , and enhance laser action at the 
selected wavelength, preferably 1.3 2 fim for Nd : YAG . 

In another preferred embodiment, a diode-pumped 
or arc lamp-pumped solid-state laser having a lasant 
crystal of YAG doped with other dopants such as holmium 
(laser output at 2.1 fim) or erbium (2.94 fim) , or codoped 
with chromium, thalium, and holmium (2.1 /xm) , could be 



30 



PDX4-734S9.1 26860-0033 




13 

employed to deliver laser output within the 1.2 to 3 p 
wavelength range. 

In still another preferred embodiment, nonlinear 
conversion schemes such as Raman shifting or optical 
5 parametric oscillation could be adapted to convert 
conventional laser wavelengths of about l /zm into 
wavelengths in a range of 1.2 to 3 /xm. 

Preferably, all of the transmissive optics in a 
delivery path of the laser output beam are anti-reflection 
10 coated for the selected wavelength. In addition, photo- 
□ electric-based laser power or energy monitoring devices 

are changed to be responsive to the selected longer 
01 wavelength. Other minor optical modifications to 

compensate for changes in laser output focusing 
jp 15 characteristics are preferred and known to those having 
Q skill in the art. 

L& One skilled in the art will also recognize that 

£3 pumping schemes, such as higher output power diode lasers 

or arc lamp-pumping, may be employed to compensate for the 
<J3 20 lower gain for lasant crystals such as Nd : YAG or Nd : YLF at 
^ 1.2 to 3 /zm wavelengths. For example, with reference to 

an embodiment of a laser system 50 shown in Fig. 8, the 
output (preferably 3 watts or greater) of a high-power 
AlGaAs laser 52 may be funneled along optic axis 54 
25 through a nonimaging concentrator 56 composed of a high- 
refractive index, crystalline dielectric material and then 
coupled into an Nd : YLF lasant crystal 58. This method is 
disclosed in U.S. Patent No. 5,323,414 of Baird, DeFreez, 
and Sun for "Laser System and Method for Employing a 
30 Nonimaging Concentrator, " which is assigned to the 
assignee of the present application. 

Preferably, laser 52 is positioned against a 
heat sink 60 and is powered by a diode laser power supply 
62 that is controlled by a processing unit 64. Processing 
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unit 64 is also connected to an impedance -matched RF 
amplifier 66 and controls signals delivered to a 
transducer coupled to a Q-switch 68. Q-switch 68 is 
preferably positioned between lasant crystal 58 and an 
5 output coupler 70 within a resonator cavity 72. A beam 
positioning and focusing system 74 may be employed to 
direct laser output to a desired position on film 
structure 22 or other target material. Pumping, 
Q-switching, targeting, and beam positioning of laser 
10 system 50 of the preferred embodiments are accomplished 

g through conventional techniques well-known to persons 

00 skilled in the art. 

p An input mirror coating 76 on lasant crystal 58 

-JO and an output mirror coating 78 on output coupler 70 are 

^ 15 preferably highly transmissive at the conventional 1.047 
p fim YLF emission wavelength. In addition, input mirror 

?_ coating 76. is transmissive to the AlGaAs emission 

h wavelength range and reflective at about 1.32 jim, and 

^ coating 78 is partly transmissive at 1.32 /xm to permit 

% 20 laser operation. 

H Skilled persons will appreciate that the above- 

described laser systems can also be employed at 
wavelengths longer than 1.2 /xm to process or trim thin 
film structures, such as resistors, capacitors, inductors, 

25 microwave stubs, or other components, in activated 

integrated circuit devices to desired performance or 
functional parameters. Laser output in the 1.2 to 3 /xm 
range, for example, can effectively trim resistor 
material, such as nickel chromide, tantalum nitride, 

30 cesium silicide, disilicide, polycide, and other commonly 
used film materials, but does not substantially stimulate 
undesirable electron-hole pairs and photocurrents in any 
type of silicon semiconductor material-based structures 
that might be affected by conventional laser wavelengths. 
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As a consequence, virtually no device settling time is 
required between laser trims and the functional 
measurements of the active devices, so the functional 
measurements can be achieved almost concurrently. 
5 Skilled persons will also appreciate that the 

preferred wavelengths are generally invisible to any 
adjacent actvive devices and would excite fewer electron- 
hole pair carriers to affect the performance of adjacent 
devices, so device design restrictions could be eased and 
10 circuit compaction could be increased to provide smaller 
devices or circuits both for integrated circuits, or 
hybrid integrated circuits. 

Fig. 9 is an oscilloscope trace 80 showing an 
output voltage 82 of a typical voltage regulator device 
is undergoing laser functional processing in accordance with 
the present invention. With reference to Fig. 4, laser 
output pulses at the wavelength of 1.32 /xm at 2.01 kHz 
were directed at a resistor of an activated voltage 
regulator (identical to the voltage regulator discussed 
20 with respect to Fig. 3) . The straight line of 

oscilloscope trace 80 depicting the output voltage 82 of 
the voltage regulator shows no momentary dips in output 
voltage. Accordingly, measurements can be made 
immediately after laser impingement, or at any time before 
25 or after laser impingement to obtain a true measurement 
value of the output voltage. Moreover, laser output 
pulses can be applied at shorter intervals, i.e., at a 
higher repetition rate, because no recovery time is 
required before measurements can be obtained. Thus, much 
30 higher processing throughput can be realized. 

Another example of functional processing in 
accordance with the present invention includes laser 
trimming of a frequency band-pass filter to within its 
frequency response specification. The filter is 



PDX4-73459.1 26860-0033 




# # 

16 

activated, a frequency scanner generates input signals for 
the filter at different frequencies, and the output signal 
of the filter is measured by a voltmeter to determine the 
filter's frequency response. A laser output pulse 
5 impinges a component of the filter, and a central 
processing unit determines whether an additional 
impingement is required based on the measurement of the 
output signal. A third example employs the present 
invention to trim a resistor of an activated A/D or D/A 
10 converter to achieve output with specified conversion 
p accuracy. Skilled persons will appreciate the numerous 

B applications of functional processing where elimination of 

in device settling time would be advantageous. 

;J3 It will be obvious to those having skill in the 

J is art that many changes may be made to the details of the 
Q above -described embodiments of this invention without 

f\. departing from the underlying principles thereof. 

O Accordingly, it will be appreciated that this invention is 

^ also applicable to laser-based operations for other 

:}j 20 semiconductor substrate and film materials, as well as 
^ laser-based operations outside the semiconductor industry, 

for removal of one or more materials from a multimaterial 
device without causing performance drifting or malfunction 
. of certain types of active devices. The scope of the 
25 present invention should, therefore, be determined only by 
the following claims. 
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